Neurofibromatosis type 2 patients develop schwannomas, meningiomas and ependymomas resulting from mutations in the tumor suppressor gene, NF2, encoding a membrane-cytoskeleton adapter protein called merlin. Merlin regulates contact inhibition of growth and controls the availability of growth factor receptors at the cell surface. We tested if microtubule-based vesicular trafficking might be a mechanism by which merlin acts. We found that schwannoma cells, containing merlin mutations and constitutive activation of the Rho/Rac family of GTPases, had decreased intracellular vesicular trafficking relative to normal human Schwann cells. In Nf2 À / À mouse Schwann (SC4) cells, re-expression of merlin as well as inhibition of Rac or its effector kinases, MLK and p38 SAPK , each increased the velocity of Rab6 positive exocytic vesicles. Conversely, an activated Rac mutant decreased Rab6 vesicle velocity. Vesicle motility assays in isolated squid axoplasm further demonstrated that both mutant merlin and active Rac specifically reduce anterograde microtubule-based transport of vesicles dependent upon the activity of p38 SAPK kinase. Taken together, our data suggest loss of merlin results in the Rac-dependent decrease of anterograde trafficking of exocytic vesicles, representing a possible mechanism controlling the concentration of growth factor receptors at the cell surface.
INTRODUCTION
Neurofibromatosis type 2 is an inherited autosomal dominant disease characterized by bilateral schwannomas of the 8th cranial nerve. [1] [2] [3] The tumor suppressor gene responsible for this disorder, NF2, is also inactivated in spontaneously arising tumors, including schwannoma, meningioma and malignant mesothelioma, thus implicating it in a range of human cancers. 4 Targeted deletion of Nf2 in Schwann cells leads to schwannoma formation in the mouse. 5 The NF2 gene encodes merlin, a 70-kDa member of the ezrin, radixin, moesin (ERM) family of membrane-cytoskeleton adapter proteins. The precise mechanisms by which merlin functions as a tumor suppressor are poorly understood.
Merlin shares a conserved secondary structure with other members of the ERM family consisting of an N-terminal FERM domain, followed by a central a-helical region and a C-tail domain. 6 Transition between the open, FERM-accessible conformation and the closed, FERM-inaccessible conformation controls merlin tumor suppressor function and is modulated by phosphorylation of serine 518. 7 Phosphorylation of S518 correlates with a growth-permissive state and is a key point of integration of merlin activity with signal transduction pathways. 8, 9 Under growth-suppressive conditions, merlin is activated upon dephosphorylation of S518 by cellular phosphatases such as MYPT1-PP1d. 10 Inactivation of merlin is achieved by the action of the small GTPase, Rac, via its effector kinase, PAK, resulting in phosphorylation of merlin at S518. 11, 12 Merlin in turn antagonizes Rac activity by an unknown mechanism, forming a negative feedback loop of mutual inhibition. 13 This antagonism appears to be lost in human schwannomas because these merlin-deficient cells are characterized by constitutive activation of Rac. [14] [15] [16] Nf2-null cells grow to abnormally high densities in vitro, and it has been suggested that this loss of contact inhibition is the biological basis for schwannoma formation. 17, 18 Merlin is thought to control contact inhibition by regulating the cell surface availability of growth factor receptors. 19, 20 However, the mechanisms by which merlin, and perhaps activated Rac, affects growth factor receptor abundance are unclear.
We found that merlin-deficient tumor cells show decreased intracellular vesicular trafficking relative to normal human Schwann cells. Significantly, this effect was dependent upon the activity of Rac and the MAP kinase p38 SAPK . Inhibition of Rac and the effector kinase MLK3 also impaired growth in merlin null cells at high density. In Nf2 À / À SC4 Schwann cells, re-expression of merlin or inhibition of Rac, MLK or p38 SAPK all resulted in increased velocity of exocytic vesicles. In a squid axoplasm system, open conformation mutants of merlin and active Rac each specifically reduced fast anterograde axonal vesicle transport. This effect was independent of the plasma membrane and dependent upon the activity of p38 SAPK . Together these data show that the loss of merlin reduces microtubule-based exocytic vesicle velocity in a Rac-MLK-p38 SAPK -dependent manner. We propose that merlin-Rac signaling may normally modulate vesicle release from microtubules, influencing concentrations of growth factor receptors at the cell surface. Rac-and p38 SAPK -dependent manner
RESULTS

VAMP-2 vesicle mobility is reduced in schwannoma cells in a
To determine if loss of merlin expression affects intracellular vesicular trafficking, we designed an assay to measure the mobility of a subset of membrane-bounded organelles in live primary normal human Schwann cells relative to live, patientderived primary human schwannoma cells. To visualize internal vesicle motion by time-lapse imaging, we marked transfected cells with a plasmid expressing GFP fused to the ubiquitously expressed v-SNARE protein, VAMP2/synaptobrevin 2. [21] [22] [23] [24] The relative mobility of VAMP2-GFP-positive vesicles was used as a measure of general intracellular trafficking (Figure 1 ). Primary cultures were transfected with plasmids expressing a VAMP2-GFP fusion protein and general mobility was quantified by measuring the percentage of VAMP2-GFP-positive vesicles that changed position between successive 3 s intervals over 180 s. Normal human Schwann cells showed highly motile VAMP2-positive vesicles with a broad range of values, (Figure 1c ) with a mean and s.e.m. of 4.2 ± 0.1%. In contrast, primary human schwannoma cells had a more restricted range of values (Figure 1d) , with a mean and s.e.m. of 2.0 ± 0.1%, suggesting an inhibition of intracellular membrane traffic in tumor relative to normal cells. As loss of merlin expression results in activation of Rac, 13 we measured VAMP-2 in schwannoma cells treated with the specific Rac inhibitor NSC23766. 25 Rac inhibition significantly increased VAMP-2 mobility (Figure 1e ), mean and s.e.m. of 6.0 ± 0.1%. The MAP kinase, p38 SAPK functions downstream of Rac and has been shown to phosphorylate and inhibit kinesin heavy chain, thereby implicating it in the regulation of trafficking. 26 Treatment of schwannoma cells with the p38 SAPK inhibitor, SB203580, significantly increased VAMP-2 mobility (Figure 1f ), mean and s.e.m. of 5.8 ± 0.1%. These data implicated a Rac-p38 SAPK pathway as regulating intracellular trafficking in schwannoma cells.
Rac regulates high density growth in merlin null cells The results of the VAMP2 experiments suggested that Rac controls a p38 SAPK -dependent pathway that regulates intracellular vesicle motility. We next tested if this pathway was required to mediate the major biological consequence of merlin mutation, loss of contact inhibition of growth.
27
Nf2 À / À merlin-deficient fibroblasts grow to much higher densities than Nf2 þ / þ cells, demonstrating merlin-dependent contact inhibition of growth ( Figure 2) . Treatment with the Rac inhibitor, NSC23766, did not alter growth rates at low density but did significantly inhibit growth of Nf2 À / À cells once they achieved high density (Figure 2a ). Growth rates of Nf2 þ / þ cells were unaffected by NSC23766 (Figure 2a) . Similarly, CEP11004, an inhibitor of the mixed lineage kinases family (MLK), a Rac effector kinase that regulates p38 SAPK activity 28 also specifically inhibited growth once Nf2 À / À cells achieve high density, but did not affect Nf2 þ / þ cells (Figure 2b ). The p38 SAPK inhibitor, SB203580, slowed growth in Nf2 À / À at high density but also suppressed the growth rate in Nf2 þ / þ cells (Figure 2c ). These data suggest that the same signal transduction pathways that affect trafficking are involved in merlin-dependent contact inhibition of growth.
Rab6 is a marker for exocytic vesicles in merlin-deficient schwann cells The VAMP2-GFP experiments suggested that merlin may regulate intracellular trafficking via Rac in a p38 SAPK -dependent manner, possibly implicating constitutive exocytosis. 29 We therefore developed a system to specifically measure constitutive exocytosis in an immortalized, transformed merlin-null Schwann cell line, SC4. We used plasmids expressing Rab6 fused to the red fluorescent protein variant mStrawberry as a marker for constitutive exocytosis. 30 To confirm that Rab6 exocytic vesicles carry a cargo relevant to Schwann cells, we cotransfected SC4 cells with plasmids expressing Rab6-mStrawberry and a ErbB2-GFP construct. 31 Images were acquired from live SC4 cells maintained at 37 1C 6 h after transfection, before the bulk of the newly synthesized ErbB2-GFP establishes itself in the plasma membrane. Under these conditions Rab6 was localized primarily to the Golgi with a minority expressed in multiple small vesicles dispersed throughout the cytoplasm ( Figure 3a ). ErbB2 had plasma membrane localization and a significant amount of nascent ErbB2-GFP in the Golgi but was also localized to small vesicles dispersed within the cytoplasm (Figures 3a and b) . To test whether merlin loss affects Rab6 vesicle velocity, Nf2 À / À SC4 cells were cotransfected with plasmids expressing Rab6-mStrawberry and either merlin or empty vector, then velocities were measured as described above. The average Figure 2 . Rac activity specifically regulates high density growth in NF2 null fibroblasts. Immortalized Nf2 þ / þ and Nf2 À / À fibroblasts were plated at low density and allowed to grow to saturation density for 5-6 days in the presence or absence of inhibitors to (a) Rac, 100 mM NSC23766 (b) MLK, 10 mM CEP11004 and (c) p38 SAPK , 10 mM SB203580. velocities of 200-500 vesicle tracks per condition were calculated. Re-expression of merlin caused a reproducible shift to a faster moving population of Rab6 vesicles compared to empty vector ( Figure 5a ). Inhibition of Rac using 100 mM NSC23766 increased vesicle velocity to a similar degree that merlin transfection did (Figure 5b ). This suggests that merlin expression in live cells suppresses Rac activity, thereby controlling Rab6 vesicle velocity. Conversely, transfection with a hyperactive fast cycling Rac mutant, F28L, caused a significant decrease in Rab6 vesicle velocity (Figure 5c ), consistent with Rac activity acting as a brake on exocytic transport. Interestingly, a constitutively GTP bound, active Rac mutant, Q61L, did not affect Rab6 velocity (Figure 5d ), suggesting that the ability of Rac to cycle from the GDP to the GTP-bound states is critical to this regulation. Interestingly, we found that Rac-GTP colocalized with microtubules in SC4 cells (Supplementary Figure 1) , consistent with previous reports that Rac-GTP binds to tubulin polymers. 32 These data place active Rac in a position to influence exocytic vesicle transport.
Next, we examined the role of MLK and p38 SAPK on exocytic vesicle mobility. Treatment of SC4 cells with the MLK inhibitor CEP11004 increased Rab6 vesicle velocity (Figure 5e ), indicating that a member of the MLK family participates in this regulatory pathway. Inhibition of p38 SAPK with 20 mM SB203580 also increased Rab6 vesicle velocity (Figure 5f ). Taken together these data provide compelling evidence that merlin regulates constitutive exocytosis via a Rac, MLK, p38 SAPK -mediated pathway.
Open conformation merlin mutants slow anterograde fast axonal transport To directly assess the effect of Merlin and Rac on microtubuledependent vesicle traffic, we used vesicle motility assays in isolated squid axoplasm. This experimental system allows for quantitative analysis of fast axonal transport in both anterograde (conventional kinesin-dependent) and retrograde (cytoplasmic dynein-dependent) in the absence of the plasma membrane. 33 Vesicle motility assays in isolated axoplasm were instrumental in the original discovery of conventional kinesin 34 and novel regulatory pathways for microtubule-based vesicle transport. 35, 36 Perfusion of squid axoplasm with 1 mM purified recombinant wild-type merlin protein had little or no inhibitory effect on the velocity of membrane-bound organelles in the anterograde direction over the 50-min assay period (Figure 6a ). We then tested FERM-Helix, a C-terminal deletion mutant of merlin containing amino acids 1-502, that was shown to be FERM accessible relative to wild type by virtue of increased interaction with NHERF. 7 Perfusion with the FERM-Helix mutant significantly reduced anterograde vesicle velocity (Figure 6b) . Inhibition of p38 SAPK activity by coperfusion with the SB203580 inhibitor rescued anterograde vesicle inhibition by the FERM-Helix mutant (Figure 6c) . Perfusing a non-phosphorylatable mutant, S518A, had little or no effect on vesicle velocity in this system (Figure 6d) , a similar response to wild type. A phosphomimetic mutant S518D, which is predicted to have an accessible FERM domain and fails to suppress cell growth, 13 also reduced anterograde vesicle transport (Figure 6e ). This effect was not rescued by SB203580, suggesting different mechanisms of inhibition between FERM-Helix and S518D (Figure 6f ). Retrograde velocity was essentially unchanged in all proteins tested. These data suggest that the open, FERMaccessible isoforms of merlin, FERM-Helix and S518D can specifically regulate kinesin-mediated anterograde vesicle transport. This inhibition occurs in the cell-free squid axoplasm system and is thus independent of the plasma membrane, where the bulk of merlin is localized, and of the cell nucleus, another reported site of merlin action. 37 The dependence of FERM-Helix inhibition of anterograde vesicle transport on p38 SAPK activity indicates that suppression is mediated by a kinase chain initiated by merlin, leading to a reduction in anterograde vesicle velocity. Rac regulates anterograde fast axonal transport via p38 SAPK It is striking that the merlin mutants that inhibit anterograde vesicle transport are predicted to have an open, FERM-accessible conformation and a growth-permissive phenotype. The growthpermissive phenotype correlates with the higher levels of active Rac-GTP, seen in schwannoma cells. In contrast, isoforms that do not affect vesicle transport are predicted to have a closed, FERMblocked conformation, have a growth-suppression phenotype that correlates with low levels of Rac-GTP. We therefore tested the effect of Rac on anterograde vesicle transport. Perfusion of squid axoplasm with 1 mM active Q61LRac caused a significant and specific reduction in anterograde vesicle transport (Figure 7a ). Retrograde transport was unaffected. As with the merlin proteins, inhibition of p38 SAPK reversed the effect of Q61L Rac (Figure 7b ), suggesting that it functions in the same pathway as merlin to regulate anterograde transport. This effect was specific for active Rac as perfusion with dominant negative N17Rac mutant protein failed to affect either anterograde or retrograde transport (Figure 7c ). The effect was also specific for Rac, as perfusion with recombinant active V12 Ras did not affect vesicle transport in either direction (Figure 7c ). These results suggest that merlin regulates Rac to control a p38 SAPK -dependent pathway that specifically regulates anterograde trafficking (Figure 8 ). Collectively, results from our experiments indicate that the loss of merlin increases Rac activity, which, in turn, promotes activation of the MLK/p38 kinase pathway, ultimately resulting in the inhibition of anterograde vesicle motility.
DISCUSSION
At the cellular level, merlin function is critical for contact inhibition of growth, 8, 17 as illustrated by the continued proliferation of Nf2 null fibroblasts at high cell density, 27 yet the specific biochemical functions that merlin performs remain uncertain. Growing evidence suggests that merlin may control some aspect of intracellular vesicle trafficking. 29, 38, 39 We hypothesized that merlin regulates anterograde vesicle trafficking and designed a set of experiments to test this hypothesis in the context of live mammalian cells as well as in a plasma membrane-free axoplasm system. Our data suggest that in the absence of merlin active 
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Rac slows kinesin motor-driven transport of vesicles along microtubules. Consistent with this activity, Rac was recently reported to antagonize the function of the mitotic kinesin, Eg5, at microtubule asters during metaphase. 40 This, together with our data, suggests that Rac-mediated signaling pathways may regulate multiple members of the kinesin family.
Our finding that decreased intracellular vesicular trafficking in primary human NF2 schwannoma cells relative to primary normal human Schwann cells was dependent on Rac, and p38 SAPK identifies a novel pathway regulating transport. Notably, the active inhibition of trafficking in merlin-deficient cells by a Rac-and p38 SAPK -mediated signaling pathway correlated with restored contact inhibition of growth in merlin null fibroblasts, suggesting that this pathway is critical to merlin function. Trafficking experiments in primary human schwannoma cells ensured that the trafficking phenotype is relevant to tumor pathobiology. However, as tumors are the end result of a multi-hit progression, we could not unambiguously attribute changes in vesicle motility to the loss of merlin. Also, because VAMP-2 does not discriminate among different types of intracellular vesicle trafficking, 41 we could not identify the specific molecular systems responsible for changes in vesicle mobility. To address these issues, we designed an experimental system to directly test the effect of merlin on constitutive exocytosis, one of the trafficking modalities implicated in NF2. We used a genetically encoded, fluorescent Rab6-mStrawberry fusion protein to record the trafficking of exocytic vesicles from the Golgi to the plasma membrane. 30 This system focused our analysis on anterograde vesicle movement along microtubules, a direct measure of kinesin motor function in live mammalian cells. Re-expression of merlin or Rac inhibition in Nf2 À / À SC4 Schwann cells increased Rab6 vesicle velocity. The surprising association of the Rac pathway with vesicle trafficking is strengthened by our finding that inhibition of downstream Rac effectors, MLK and p38 SAPK , also significantly increased Rab6 vesicle velocity.
A fast-cycling mutant of Rac, F28L, decreased Rab6 vesicle velocity, providing compelling positive evidence that Rac acts to antagonize anterograde vesicular trafficking. The failure of the constitutive GTP-bound Rac mutant Q61L to reduce vesicle velocity in mammalian cells implies that a specific guanine exchange factor is required, most likely to bind and activate Rac at specific subcellular sites. 42 In contrast, in the squid axoplasm the Rac Q61L did show slow transport. In this case, perfusion of GTP-Rac directly into the axoplasm likely obviated a requirement for nucleotide exchange factors to localize Rac. These results (1) confirm experiments performed in primary schwannoma cells, (2) demonstrate that loss of merlin is sufficient to impair anterograde trafficking and (3) identify a pathway consisting of merlin, Rac, MLK and p38 SAPK that modulates microtubule-based trafficking.
The kinesin motor protein heavy chain is a substrate for p38 SAPK , 26 and kinesin phosphorylation is the most likely mechanism responsible for changes in vesicle kinetics that we describe. A member of the MAP kinase family, p38 SAPK is activated by the intermediary kinases, MKK4 and MKK6, which in turn may be activated by MLK. 43, 44 MLK itself is activated by binding to Rac-GTP or cdc42-GTP. 45 It is interesting to note that the MLK family member MLK2 can interact with microtubules and complex with the kinesin Kif3, 46 supporting the idea that a Rac-MLK-p38 SAPK pathway may have a central role in regulating trafficking of multiple motors. Use of a plasma membrane-free axoplasm isolated from the giant axon of the Atlantic squid Loligo pealei allowed us to distinguish between merlin exerting a direct effect at the level of the microtubules or vesicles and an indirect event caused by merlin regulating upstream signal transduction events originating at the plasma membrane or in the nucleus. Our finding that perfusion of merlin mutants specifically inhibited anterograde transport, argued for a direct regulation of trafficking at the level of microtubules. More significantly this data is consistent with recent reports in the literature, suggesting that merlin interacts with microtubules and promotes tubulin polymerization. 47 In Drosophila, merlin is expressed in cytoplasmic particles that move along microtubules via interaction with kinesin and dynein motor proteins. 48 Inhibition of anterograde trafficking was restricted to the open conformation mutants of merlin, the FERM-Helix domain and S518D. For the FERM-Helix mutant, treatment with the p38 SAPK inhibitor SB203580 abrogated this inhibition, confirming that merlin's effect was dependent on a kinase-based signal transduction cascade, most likely targeting the kinesin motor protein complex. The SB203580 did not rescue inhibition by the S518D, suggesting some other mechanism action for this mutant. Regardless of the specific mechanism of action, these intriguing results suggest that presumably growth-permissive forms of merlin may have an active role in orchestrating membrane trafficking during cell growth. Microtubule-based trafficking is critical for selective delivery of membrane proteins to specific cellular domains in normal cells and tissues. Changes in the regulation of microtubule-based trafficking that alter localization of specific growth factor receptors may be one mechanism by which loss of merlin disrupts contact inhibition of growth. This is consistent with previous observations that merlin regulated growth factor availability, 19 ,39 endocytosis 38 and exocytosis. 29 Microtubule-based trafficking may have other critical roles in oncogenesis as well. This idea is supported by the fact that activation of kinase-mediated pathways is universal in tumor cells, and recent findings show that many of these same kinases can also affect trafficking. It is therefore of considerable interest to explore this novel relationship between microtubulebased trafficking and cancer.
MATERIALS AND METHODS Inhibitors
The MLK inhibitor CEP11004 (Cephalon, Frazer, PA, USA) was used at 200 nM final concentration from a 100-mM stock in DMSO. The Rac inhibitor, NSC23766, was a gift from Dr Yi Zheng (Cincinnati Children's Hospital, Cincinnati, OH, USA) used at 100 mM final concentration from a 100-mM aqueous stock. The p38 SAPK inhibitor SB203580 (Calbiochem, San Diego, CA, USA) was used at 100 mM final concentration from a 100-mM stock in DMSO.
Plasmids
A plasmid expressing the mStrawberry-Rab6 fusion protein 30 was a kind gift from Dr Anna Akhmanova (Erasmus Medical Center, Rotterdam, The Netherlands). ErbB2 was visualized using pYEC, a gift from Dr Bo van Deus (University of Copenhagen, Copenhagen, Denmark). pYEC expresses a YFP-ErbB2-CFP fusion protein 49 and is referred to in the text as ErbB2-GFP. Rac Q61L (Dr Yi Zheng, Cincinnati Children's Hospital, Cincinnati, OH, USA), Rac-F28L (Dr Yi Zheng, Cincinnati Children's Hospital, Cincinnati, OH, USA), pIRESpuro3 (Clontech, Mountain View, CA, USA), pIRES-Merlin, 7 VAMP2-GFP was a kind gift from Dr Martin ter Beest (University of Chicago, Chicago, IL, USA).
Recombinant proteins
Purified V12HRas-GST, N17Rac-GST and L61Rac-His proteins (Cytoskeleton, Denver, CO, USA) were each reconstituted at 20 mM in ddH 2 0 and aliquots stored at À 80 1C. Recombinant merlin proteins were purified as previously described. 7 Each was perfused into axoplasm in Buffer X/2 with the addition of 5-10 mM Hepes, pH7.2 and 5 mM ATP.
Cell lines
MEF3flox2 and MEF3D2 cells were described previously.
27 SC4 Nf2 À / À Schwann cells were obtained from Dr Helen Morrison (Leibniz Institute for Age Research). Cell lines were maintained in DMEM (Life Technologies, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (Gemini Bioproducts, West Sacramento, CA, USA) and 1% Pen/Strep (HyClone, Logan, UT, USA) at 37 1C, 7.5% CO 2 .
Primary cell culture
Primary Schwann cells and schwannoma tumor cells were isolated from normal human nerves and patient-derived schwannomas isolated as previously described. 50, 51 For analysis, cells at passage 3-5 were trypsinized and plated onto poly-L-lysine and laminin-coated glass coverslips, and transfected with VAMP-GFP using Fugene-6. After 36-48 h, cells were imaged directly or after 2 h incubation in designated inhibitors.
Growth curves
Nf2 þ / þ MEF3flox2 and Nf2 À / À MEF3D2 cells each were plated at 50 000 cells per well in replicate six-well plates. Plates were incubated for 6 h, and then were incubated with inhibitor or vehicle in triplicate wells. Plates were incubated overnight then one set was trypsinized and cells were counted with a hemocytometer (Day1). Remaining wells were counted every 48 h until the end of the assay. 52 Image analysis VAMP2 mobility was measured by determining the percentage of VAMP2-GFP-positive pixels that changed position relative to total fluorescence, between each 3 s interval the time lapse. Statistical analysis by Mann-Whitney non-parametric t-test and graph generation was performed using Prism (GraphPad, La Jolla, CA, USA).
To image Rab6 vesicle motility, a stack of 60 images were acquired at 1 s intervals with 200 msec exposure with the camera bin set to 2 Â 2 for a total of 72 s. Image analysis was performed with Image J software (NIH). To visualize motion, the intensity of small vesicles was enhanced by subtracting a blurred copy of the image, and then all 60 images of the time lapse were collated into a single image. To measure the velocity of individual vesicles, time-lapse stacks were color coded to display successive frames in red, green and blue, the position of individual vesicles was lapse was logged and the distance traveled was measured. At least 21 cells were imaged per replicate with from 10 to 20 tracks measured per cell for a total of 200-500 velocity measurements per experiment. Data was collated and analyzed with Excel (Microsoft). Statistical analysis by Mann-Whitney non-parametric t-test and graph generation was performed using Prism (GraphPad).
Axoplasm and video microscopy
Axoplasm was extruded from giant axons dissected from squid (Loligo pealei) supplied by the Marine Biological Laboratory (Woods Hole, MA, USA) and video microscopy of membrane-bound organelles and perfusion with recombinant proteins was performed as previously described. 34, 53, 54 
